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Abstract    
Recent issues on water scarcity have become major public concerns due to availability of safe potable water. The use of 
abandoned mining ponds as an alternative source of raw water supply has been recently initiated by the Selangor state water 
authority. This study investigates the potential mobility of heavy metals in both active and abandoned mining ponds at Bestari 
Jaya ex-mining area. The concentrations of heavy metals in abandoned mining ponds were below the Malaysian Ministry of 
Health allowable limits. Fe and Mn were found at concentrations above the limits of the Ministry of Health standards for raw 
water quality (2000) at the active sand mining area. There was an inverse relation between Fe and Mn in water and in sediment as 
pH changed. The concentration of heavy metals in water and sediment were Fe>Mn>Zn>Pb>Cu.  
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1. Introduction 
 
One of the main causes of water pollution is from heavy metals. The presence of heavy metals in water and 
sediment can cause considerable impacts on the environment. For example, it can cause damages to micro flora, 
flora and fauna and also to human health. Heavy metals can bind to vital cellular components and interfere human 
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body function that can lead to diseases. Previous studies showed that mining is the major source of heavy metal 
contaminations in the environment according to Kusin et al [1,2,3] , Benvenuti et al [4], Asklund et al [5], Wang and 
Mulligan [6], Navorro et al [7] and Schwab et al [8]. The presence of heavy metals originates mostly from the 
mining and metallurgical operations. The heavy metals are usually scattered to the environment by wind and/ or 
water subsequent to their disposal. Recently, issues of water scarcity have become a major problem due to droughts 
and water pollution that occur in the river.  
A long-term exposure to heavy metals can be carcinogenic, affecting central and peripheral nervous system 
and circulatory effects. High concentrations of heavy metals can cause adverse health effect to human being, only 
several of them are important to human in low concentration. Heavy metal is biodegradable and has ability to 
accumulate in living tissues according to Wan Ngah et al [9]. The use of abandoned mining ponds in Bestari Jaya 
Selangor has been initiated by the state water authority as an alternative water resource to cater for the increasing 
water demand. Therefore, this study intends to investigate the potential mobility of metals in water and sediment to 
evaluate the suitability of the ponds as alternative raw water resource. This study will focus on the physico-chemical 
measurements of both water and surface sediment in the study area as well as major cation and anion, organic 
compound, and selected heavy metals (Mn, Pb, Cu, Zn, and Fe) in water and sediment, and also to identify the 
relationships between these variables. 
 
 
2. Materials and Methods 
 
2.1 Study site and field sampling 
The sampling was undertaken at Bestari Jaya ex-mining area, a sub-basin of Selangor River basin. The 
sampling sites include an active sand mining pond and abandoned (ex-tin mining) ponds. Six locations have been 
chosen as the sampling points within Bestari Jaya; 3 of which are located at the active sand mining area (SS1, SS2 
and SS3), while the other sampling points are located at the ex-mining area or known as Hang Tuah pond (SS4), 
HORAS pond (SS6), and the discharge into Selangor river (SS5). Hybrid Off-River Argumentation System 
(HORAS) is an off-river storage system that incorporates the combination of surface and groundwater being stored 
in a so-called reservoir. This project is located at the ex-mining area, which is about 235 hectares in Darah River 
village. Hang Tuah pond is also part of the HORAS project where the water from the other six ponds accumulate 
before the water releases into Selangor River. 
The sampling of water and surface sediment was carried out to assess the degree to which the water has been 
contaminated in the study area. Water samples were collected about 10 cm below the surface water using pre-
washed HDPE bottles. 1% by volume nitric acid was added into the water samples that will be used for heavy metal 
analysis. On-site measurement of water pH, temperature, Eh, TDS and conductivity was performed using 6PFC 
Myron L Ultrameter, turbidity measured using a turbidity meter and alkalinity measured using a HACH alkalinity 
kit. For the surface sediment sampling, multiple sub samples were taken from each location and were packed into 
polyethylene bags. All samples were stored in an icebox and transported to laboratory for analysis.  
 
2.2 Laboratory analysis 
 
For analysis of heavy metals, the water samples were filtered with 0.45µm membrane filter. The samples were 
then transferred into 15 mL vials and were analyzed using Inductively Coupled Plasma-Optical Emission 
Spectrometer (ICP-OES) model Optima 8300. The charge electro-neutrality analysis was also done to check for 
cation-anion balance in the samples. In the laboratory, the pH and electrical conductivity of surface sediment were 
also measured. The measurement of sediment pH and electrical conductivity were done using 1:2 soil-to-solution 
ratio according to Radojevic and Bashkin [10]. The analysis for organic matter is called the Loss on Ignition method 
(LOI).  The soil organic matter was estimated by the loss of weight in a sample that has been heated at a temperature 
high enough to burn organic matter but not so high as to decompose carbonates. Radojevic and Bashkin [10] 
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indicate that LOI can be defined as loss of sample mass on ignition, which serves as a rough indicator of the 
presence of organic matter in a particular sample. For estimation of heavy metals in sediment, the samples were air 
dried, crushed in a mortar pestle and sieved up to 63µm mesh sieve. Then, the samples were digested by acid 
digestion method and were analyzed using Inductively Coupled Plasma Mass Spectrometer (ICP-MS). 
3. Results and discussion 
3.1 Physico-chemical Parameters in Water and Sediment 
 
Based on the results (Fig. 1), the water pH was found relatively higher than the sediment pH. The water pH is in 
the range of 3.16-3.7 in the sand mining area, and between 6.12-6.6 in the abandoned mining area. As anticipated, 
the pH in the active mining site tends to be very acidic as a result of mineral exposure and leaching through mining 
processes and excavation. Conversely, the water pH in the abandoned mining ponds shows a near-neutral pH range 
suggesting the presence of sufficient alkalinity (e.g. bicarbonate) to buffer the pH known to be acidic years before 
the mining operations have ceased according to Kusin et al [3] . The pH in the sediment ranges between 3.4-3.85 in 
the active sand mining area and in the range of 4.90-5.64 in the abandoned mining area.   
 
 
 
Fig.1 The variation of water and sediment pH in Bestari Jaya 
 
Common inorganic salts that can be found in water include calcium, magnesium, potassium and sodium, which 
are all cations, while carbonates, nitrates, bicarbonates, chlorides and sulfates, are all anions. According to Hsue and 
Chen [11] and Murray and Wade [12], dissolved salts such as Na+ and Mg+ played an important role in buffering the 
pH change. The analysis of the cation-anion balance showed <5% difference indicating reliability of the results. 
Ca2+ is the dominant ion at all sampling sites compared to other cations and anions. All of the ions concentrations 
(Ca, Na, K, Mg, SO4 and Cl) were found below the Malaysian Ministry of Health (MOH) standards for untreated 
raw water.  
Electrical conductivity (EC) in sediment samples is ranging between 49.27 µS/cm to 551.827 µS/cm, while the 
value in water is ranging between 65.13 27µS/cm to 456.4 27µS/cm (Fig. 2). Sampling point SS3 showed the 
highest reading for EC in water and surface sediment, while the lowest reading was recorded at SS4 for surface 
sediment and SS5 for water sample. Ashraf et al [13] indicates that high EC values in the active sand mining area 
may be due to the presence of mineral contents in the sediment and water, subsequently releasing inorganic 
substances. Conductivity value can represent the concentration of total dissolved solids (TDS). TDS represents the 
total concentration of dissolved substances in water and is made up of inorganic salts, as well as a small amount of 
organic matter. High concentration of TDS is an indicator that harmful contaminants, such as iron, manganese, 
sulfate, bromide and arsenic, can also be present in the water. It was found that there is a significant relationship 
between EC and TDS in water (p-value < 0.05).  
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Fig. 2 The relationship between EC and TDS in water 
  
  
Soil organic matter differs from organic material in such a way that soil organic content has experienced 
decomposition and humidification where the process of transforming and converting organic residues to humus 
occur. Based on the results, the highest LOI recorded was at SS3, which is 13.47% and the lowest was at SS5 
(3.75%). SS3 (the discharge point of sand mining pond) has the highest EC, TDS, and the lowest pH. Whilst for SS5 
it has the lowest dissolved solids and EC but the highest pH (discharge from abandoned mining pond into Selangor 
River). All these parameters were able to provide sufficient information to understand the soil capacity to retain 
heavy metal pollution. 
 
3.5 Heavy Metal Analysis 
 
The concentrations of heavy metals in the water at the abandoned mining ponds are all below the MOH standards 
for raw water (Fig. 3). However, in the active sand mining area, iron and manganese were found exceeding the 
limits. The concentration of iron was 11.27 mg/L (SS1), which is greater than allowable 2 mg/L for untreated raw 
water. Whilst for manganese the concentrations were at 0.727 mg/L (SS1) and 0.647 mg/L (SS2), respectively, 
which exceed 0.2 mg/L allowable limit. All other heavy metals including Cu, Pb and Zn are lower than the MOH 
standards. Overall, the concentration of heavy metals for both in water and sediment were found in the following 
order; Fe>Mn>Zn> Pb>Cu where the highest concentration was iron and the lowest was copper. The concentration 
and distribution of heavy metals in the sediment can be observed as; Cu (1.97-6.50 mg/kg), Fe (3435.18 - 36952.01 
mg/kg), Mn (9.42-132.41 mg/kg), Pb (3.57-17.52 mg/kg) and Zn (0-116.09 mg/kg) (Fig. 4). 
Fig. 3 and Fig. 4 show the concentration of heavy metals in both water and surface sediment. From the results, it 
is noticeable that the concentration of iron and manganese in sediment increase whenever the concentrations in 
water decrease. This may be the result of the pH changes in water; when pH has increased, the solubility of the Fe 
and Mn tend to be lower and become insoluble thus accumulating in the sediment. In contrast, the concentration of 
such metals in water, as pH is getting higher, the heavy metal concentrations will be lower. The relationships 
between Fe and Mn concentration in water and sediment with regard to the changes in water pH are shown in Fig. 5 
and Fig. 6, respectively. In sediment, there has statistically significant correlation between the heavy metal (Mn and 
Fe) and pH in sediment. There have statistically significant correlations between pH and Mn. That means, increases 
or decreases in one variable do significantly relate to increases or decreases in your second variable.From this result, 
the heavy metal Fe has more strong relationship toward the pH change than the manganese, (p-value <0.05) 
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Fig. 3 Heavy metal in water 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Heavy metal in surface sediment 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 the relationship between Fe concentrations in water and sediment, with pH 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 the relationship between Mn concentrations in water and sediment, with pH 
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4. Conclusion 
 
Heavy metals found in water at the abandoned mining ponds were all at levels below the Ministry of Health 
recommended raw water quality standard limits for untreated raw water. As anticipated, the sand mining area 
released some metals above the allowable limits which are Fe and Mn. However, this study shows that downstream 
concentrations of Fe and Mn are significantly decreased. The concentration of heavy metals in water and sediment 
was Fe>Mn >Zn>Pb >Cu. There was an inverse relation between heavy metals in water and in sediment, suggesting 
potential mobility of metals from solution to sediment due to pH change.  
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